W heat (Triticum aestivum L.) is one of the most important food crops in the world. Roughly 230 million ha of land is used for wheat cultivation worldwide and half of this area is routinely affl icted with drought stress (Trethowan and Reynolds, 2007) . Development of improved wheat cultivars with drought resistance is critical for sustainable wheat production in these areas. Progress in breeding for drought resistance has required combining measurements of physiological traits associated with yield response determined in controlled environments. Response to drought has been measured using the drought susceptibility index (DSI) and several physiological traits such as fl ag leaf senescence (FLS), carbon isotope discrimination (CID), and canopy temperature (CT) associated with grain yield (Golestani Araghi
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and Assad, 1998; Merah et al., 2001; Verma et al., 2004; Monneveux et al., 2005) . The DSI was derived from the yield diff erence between stress and nonstress environments. The use of DSI for identifying genotypes with yield stability in moisture limited environments has been reported on numerous occasions (Ahmad et al., 2003; Amiri Fahliani and Assad, 2005) .
Carbon isotope discrimination has been used as a physiological tool to evaluate a large number of genotypes for grain yield and water use effi ciency under fi eld conditions Tokatlidis et al., 2004; Monneveux et al., 2005) . Association between CID and grain yield under drought was also reported in several cereal crops, including wheat (Sayre et al., 1995; Merah et al., 1999 Merah et al., , 2001 ) and barley (Hordeum vulgare L.) (Jiang et al., 2006) . However, the reported correlations vary depending on the analyzed organ or tissue, the stage of sampling, and the growth environment (Merah et al., 1999; Jiang et al., 2006; Xu et al., 2007) .
When plants grow without water defi cit, they transpire and the leaf surfaces become cooler. In contrast, under drought conditions, stomates close to maintain turgor, transpiration is reduced, and leaf surface temperature increases. Therefore, the CT diff erence across genotypes can be used as a drought tolerance indicator. As a matter of fact, CT has been considered a reliable predictor of yield under drought and a criterion in screening wheat varieties in water limited environments (Pinter et al., 1990; Golestani Araghi and Assad, 1998; Feng et al., 2009) .
Association between FLS and tolerance to terminal drought stress has been reported in cereals such as sorghum [Sorghum bicolor (L.) Moench] (Borrell et al., 2000) , maize (Zea mays L.) (Campos et al., 2004) , and wheat (Verma et al., 2004) . Delayed leaf senescence, particularly of the fl ag leaf, could help to increase grain yield. Timing of FLS is also an important determinant of yield under both stress and optimal environments (Evans, 1993) .
Minimal success has been achieved in breeding for resistance to drought, because of the complex genetic nature of stress-related physiological traits and the unreliability of conventional fi eld-based evaluations. The objectives of the current study were to identify and characterize wheat genotypes with good yield performance across diff erent water conditions and to prioritize the contributions of the three physiological traits to grain yield and their responses to drought stress in controlled irrigation environments.
MATERIALS AND METHODS

Plant Material
Thirty spring wheat genotypes, including 22 cultivars and eight elite breeding lines, were used in this study. The 22 cultivars are well adapted in the Pacifi c Northwest of the United States. The 30 genotypes comprised 12 hard red, nine soft white, eight hard white, and one durum wheat (Table 1) . and Starane (Fluroxypyr-1-methylheptyl ester: ((4-amino-3,5-dichloro-6-fl uoro-2-pyridinyl)oxy)acetic acid, 1-methylheptyl ester) (Dow AgroSciences LLC, Indianapolis, IN) were applied at the rates of 0.084 and 0.112 g m -2 , respectively, during jointing stage.
Experimental Conditions
In each of the two seasons, the experiment was laid out in a split block design, with three replicates, keeping irrigation treatments in main plots and genotypes in subplots. Genotypes were randomized within each irrigation main plot. [Miller, 1999] ), was applied once a week, and ended at maturity (Feekes 11.4). The irrigated plants received irrigation water and rainfall water, while the nonirrigated plants only received rainfall water during the growing season (April to August). During the 2009 growing season, all plots (T1, T2, and T3) received 359 mm of rainfall and irrigated plots T2 and T3 received an additional 173 mm and 345 mm of irrigation water, respectively. During the 2010 growing season, all plots received 102 mm of rainfall and irrigated plots T2 and T3 received an additional 248 mm and 452 mm of irrigation water, respectively.
The 2009 experiment received more rainfall during the growing season than the 2010 experiment. To some extent, the 2010 experiment was aff ected by a cool spring as an unexpected factor, which delayed heading by about 10 d compared to the 2009 experiment.
Grain Yield and Drought Susceptibility Index
In both seasons, plots were harvested using a Wintersteiger Classic small plot combine equipped with a Harvest Master weigh system (Wintersteiger Inc., Salt Lake City, UT). Grain yield was determined from the grain weight of each plot of each genotype. The yield value was expressed as 88% dry matter.
Stability in grain yield was estimated for each genotype by the DSI derived from the yield diff erence between stress
Physiological Measurements
Flag leaf senescence was evaluated based on the percentage of fl ag leaf area that had lost green color by taking an overall visual assessment of all fertile shoots (those with an ear) in situ. An arbitrary scale from 0 to 10 was utilized for scoring senescence (0 being fl ag leaf completely green and 10 being fl ag leaf completely brown) (Fig. 1) . In the 2009 season, FLS was recorded once at anthesis and two times during grain fi lling, and nonstress environments. The DSI was determined by the following equation (Fischer and Maurer, 1978) : 
Agronomic Traits
In both 2009 and 2010 seasons, plant height and days to heading were recorded. Plant height was measured as the distance from the ground to the top of spike excluding the awns at maturity. The 30 genotypes were classifi ed on the basis of plant height under irrigation into three groups: short, medium height, and tall (Table 1 ). Days to heading was measured as the number of days from planting until 50% of the spikes emerged from the boot in each plot. corresponding to the Feekes growth scale (Miller, 1999) : Feekes 10.5.2 (anthesis), Feekes 11.1 (kernels milky ripe), and Feekes 11.2 (kernels mealy ripe). In the 2010 season, FLS was recorded once at anthesis and four times during grain fi lling, corresponding to Feekes 10.5.2 (anthesis), Feekes 10.5.4 (kernels watery ripe), Feekes 11.1 (kernels milky ripe), Feekes 11.2 (kernels mealy ripe), and Feekes 11.3 (kernels hard), which were expressed as FLSa, FLSb, FLSc, FLSd, and FLSe, respectively. Carbon isotope discrimination was analyzed using fl ag leaf samples collected during the grain fi lling stage, corresponding to Feekes 11.1 (kernels milky ripe) (Miller, 1999) , for both the 2009 and 2010 seasons. Flag leaves of 10 randomly selected plants from each plot were excised, dried at 80°C for 48 h, and then ground to pass a 0.5-mm sieve. Ground samples were analyzed for 13 C:
12 C using an isotope rationing mass spectrometer at Augustana College, Sioux Falls, SD. Carbon isotope composition was expressed as δ 13 C values (Farquhar et al., 1989) , where δ 13 C (‰) = [R(sample)/R(standard) -1] × 1000, R = 13 C/ 12 C ratio, where R(sample) and R(standard) are the 13 C: 12 C ratios of the sample and standard, respectively. The standard is Pee Dee Belemnite carbonate. Precision of the δ 13 C measurements was ±0.1‰. The CID value was calculated according to the formula (Farquhar et al., 1989 ) CID = (δ a -δ p )/(1 + δ p ), where δ a and δ p refer to air and plant sample, respectively. The value for the isotopic composition of atmospheric CO 2 (δ a ) was assumed to be -8‰ (Brugnoli and Farquhar, 2000) . Due to the high cost of isotope analysis, CID was only measured once during each growing season. In 2009, samples from the two irrigation regimes (T1 and T3) were evaluated, whereas in 2010, samples from all three irrigation regimes (T1, T2, and T3) were evaluated.
Canopy temperature was measured using a hand-held infrared thermometer (IRtec MicroRay HVAC, Langhorne, PA) between 1300 and 1500 h during the day. The time chosen to measure CT was determined based on a preliminary study (data not shown) when stable air temperature was achieved. Four measurements were taken for each plot. In 2009, CT was measured at anthesis and grain fi lling, corresponding to Feekes 10.5.2 (anthesis) and Feekes 11.2 (kernels mealy ripe) (Miller, 1999) . In 2010, CT was recorded at anthesis and two times during grain fi lling, corresponding to Feekes 10.5.2 (anthesis), Feekes 11.1 (kernels milky ripe), and Feekes 11.2 (kernels mealy ripe), which were expressed as CTa, CTc, and CTd.
Statistical Analysis
Data were analyzed using SAS Version 9.1 (SAS Institute, 2001) and SPSS 17.0 (SPSS Inc., 2007) statistical software. Pearsons' correlations were conducted between grain yield and other evaluated traits within each irrigation regime and over three irrigation regimes. The regression analyses including single variable regression and principal components analysis (extraction criteria: eigenvalues cumulative >90%, two components were retained) were conducted among evaluated traits over three irrigation regimes. Analysis of variance for grain yield, FLS, CID, CT, days to heading, and plant height were performed using the Proc GLM procedure of SAS (genotype subplots and main plots were fi xed eff ects and replications were random eff ects). The eff ect of year between 2009 and 2010 was also tested. Signifi cant diff erences among genotypes and irrigation regimes were determined using Fisher's protected LSD at p = 0.05.
RESULTS
Analysis of Variance
Analysis of variance of the 30 genotypes revealed significant diff erences (p < 0.05) in grain yield, FLS, CID, and CT within each and between the three irrigation regimes (Table 2) . No genotype × irrigation treatment interaction occurred for most evaluated traits. However, genotype × irrigation treatment interaction for plant height and CID were signifi cant (p < 0.05) in both seasons. Slight to moderate year eff ects were observed for most traits except for FLS measured at Feekes 11.2 (FLSd) (Miller, 1999) and plant height.
Grain Yield Responses to Drought
Drought stress caused a reduction in grain yield in both seasons. In 2009, the mean grain yield of all genotypes was 181.2, 319.5, and 429.1 g m -2 ; in 2010, the mean grain yield of all genotypes was 198.7, 570.4, and 739.0 g m -2 for T1, T2, and T3, respectively. The seven-row plots for the irrigated regimes (T2 and T3) in 2010 produced greater grain yield than the four-row plots in 2009, while for the nonirrigated regime (T1), the grain yield did not increase much with the increased number of plot rows in the same plot area. Within each of the three irrigation regimes, the grain yield among the 30 genotypes was signifi cantly diff erent. Variation in DSI values among genotypes ranged from 0.4 to 1.3 for 2009 and from 0.8 to 1.2 for 2010 (Table 3) .
Seven genotypes ('Agawam', 'Alpowa', 'McNeal', IDO694, 'Louise', 'Jeff erson', and 'Blanca Royale') had smaller DSI values (DSI ≤ 1) in both seasons, indicating that these genotypes possessed better yield stability across diff erent irrigation regimes. Four genotypes ('Choteau', 'Cataldo', 'Lolo', and IDO686) had greater DSI values (DSI > 1), and two of those genotypes (Choteau and Cataldo) produced less grain yield for all three irrigation regimes. Greater DSI value was confi rmed to be an adverse factor for drought resistance. The DSI only indicates yield stability and not absolute yield potential; therefore, absolute yield level should be considered along with DSI.
Combining the performance of grain yield including absolute yield level and yield stability of each genotype under three irrigation regimes in 2009 and 2010, 13 selected genotypes were classifi ed into four groups (high yield, drought resistant, drought susceptible, and low yield). Among the 13 selected genotypes, nine had medium height, three were tall, and one was short.
The high-yield (HY) group included three genotypes, IDO599, 'Alturas', and IDO702, that produced greater grain yield under all irrigation regimes and intermediate DSI for both 2009 and 2010 seasons and could be recommended for both water limited and water suffi cient environments. The drought-resistant (DR) group contained three genotypes, Agawam, McNeal, and Alpowa, that produced higher grain yield under the nonirrigated regime and intermediate grain yield under irrigated regimes. The DR genotypes can be recommended for water defi cit environments. The drought-susceptible (DS) group included two genotypes, IDO686 and Lolo, that produced less grain yield under the nonirrigated regime and greater grain yield under the irrigated regimes in both growing seasons. The DSI values were high for these genotypes as well. Therefore, the DS genotypes would be recommended only for moist environments. The low-yield (LY) group contained fi ve genotypes ('Klasic', Choteau, UC1600, 'Snowcrest', and Cataldo) that produced less grain yield than other genotypes under all irrigation regimes. Among the LY genotypes, Choteau and Cataldo showed higher DSI values and should be replaced by superior genotypes in the future. Comparison of the mean grain yield of genotypes in each group and the mean grain yield of all 30 genotypes under each of three irrigation regimes is reported in Fig. 2 . for grain yield (GY), fl ag leaf senescence (FLS), carbon isotope discrimination (CID), canopy temperature (CT), days to heading (DTH), and plant height (HT) in 30 spring wheat **Signifi cant at the 0.01 probability level.
***Signifi cant at the 0.001 probability level. † NS, nonsignifi cant at the 0.05 probability level. ‡ a through e stand for traits assessed at Feekes 10.5.2 (anthesis), Feekes 10.5.4 (kernels watery ripe), Feekes 11.1 (kernels milky ripe), Feekes 11.2 (kernels mealy ripe), and Feekes 11.3 (kernels hard) (Miller, 1999) , respectively. § NA, not available. ¶ DAP, days after planting.
Effect of Flag Leaf Senescence on Grain Yield Response to Drought
Variation in FLS occurred across irrigation regimes at all evaluated stages except for anthesis in 2009; the diff erences tended to be greater with more advanced developmental stage (Fig. 3) . Drought stress accelerated FLS for all genotypes. The extent of acceleration was diff erent among the genotypes. Under T1, T2, and T3, the mean FLS score of all genotypes at Feekes 11.2 (Miller, 1999) Table 3 .
Among the 30 genotypes, IDO 686, 'UI Lochsa', IDO644, and McNeal had later FLS with intermediate grain yield concurrently across irrigation regimes for both seasons, while Blanca Royale, Snowcrest, Klasic, and Cataldo had earlier FLS, and three genotypes (Snowcrest, Klasic, and Cataldo) produced low grain yield across irrigation regimes in both seasons. Our results suggest that earlier FLS tends to result in lower grain yield and that delayed FLS may result in intermediate rather than higher grain yield.
Among the seven genotypes that showed better yield stability (DSI ≤ 1), McNeal, Agawam, Alpowa, Jeff erson, and Louise showed delayed FLS than other genotypes under the nonirrigated regime (T1); IDO694 and Blanca Royale showed earlier FLS under both nonirrigated and irrigated regimes.
At Feekes 11.2 (Miller, 1999) , the FLS of HY genotypes was obviously later than that of LY genotypes. Droughtresistant genotypes showed delayed FLS compared to DS genotypes under T1 and earlier FLS than DS genotypes under T3 (Fig. 4) . Our results indicate that selecting genotypes with late FLS would improve yield production. mean grain yield (GY, g m  -2 ) and drought susceptibility index (DSI), carbon isotope discrimination (CID, ‰), fl ag leaf senescence evaluated at Feekes 11.2 (kernels mealy ripe) (FLSd, 0-10), and canopy temperature evaluated at Feekes 11.2 (kernels mealy ripe) (CTd, °C) at grain fi lling (Feekes 11.2 [Miller, 1999] 
Effect of Carbon Isotope Discrimination on Grain Yield Response to Drought
Drought stress caused an obvious decrease in fl ag leaf CID sampled at grain fi lling (Feekes 11.1 [kernels milky ripe] [Miller, 1999] ) across all 30 wheat genotypes. In 2009, the mean CID of the 30 genotypes under T1 and T3 was 19.7 and 20.8‰, respectively. In 2010, the mean CID of 30 genotypes under T1, T2, and T3 was 18.9, 19.9, and 20.2‰, respectively. Diff erences among the 30 genotypes for CID were also observed in 2009 and 2010 (Table 3) . Under all irrigation regimes, IDO599, 'WB936', and 'Hank' had greater CID and high or intermediate grain yield, while McNeal, 'Alzada', and Lolo had lower CID and intermediate or low grain yield. Among the seven genotypes that showed better yield stability (DSI ≤ 1), Jefferson, Louise, and Blanca Royale had relatively high CID under the nonirrigated regime.
Comparison of the mean CID of genotypes in each group and the mean CID of all 30 genotypes under each irrigation regime over 2 yr is reported in Fig. 5 . High-yield genotypes had greater CID than LY genotypes under treatments T1 and T3. Drought-resistant genotypes had greater CID than DS genotypes under T1 but lower CID than DS genotypes under T3, indicating that under two contrasting irrigation regimes (nonirrigated and well watered), high grain yield was, to some extent, associated with greater CID. However, diff erent results were observed for T2; that is, CID of LY genotypes was greater than HY genotypes suggesting that further studies are needed.
Effect of Canopy Temperature on Grain Yield Response to Drought
Drought stress increased CT at both anthesis and grain fi lling, especially at Feekes 11.2 (Miller, 1999) (Fig. 6) . Plants that suff ered greater drought stress tended to have warmer CT at midday. The extent that CT increased due to drought stress for the 30 wheat genotypes was diff erent. The mean CT increase of all genotypes was 9.6°C over T1 and T3; the mean CTd of the 2009 and 2010 seasons for the 30 genotypes under T1 and T3 are summarized in Table 3 .
Among the 30 genotypes, 'Vida' and 'Conan' had lower CT whereas Snowcrest and 'Blanca Grande' had greater CT across irrigation regimes at anthesis and grain fi lling. Among those seven genotypes that showed better The comparison of the mean CTd of genotypes in each of the four groups under the T3 regime was converse with comparison of grain yield, which indicated the negative association between CT and grain yield in the well-watered environment. For stress conditions (T1 and T2), the CTd of those genotypes that produced greater grain yield was similar or even greater than that of genotypes that produced lower grain yield (Fig. 7) . This suggests that using CTd as an indicator to select high grain yield in moist environments may be more reliable than in drought conditions.
Correlations and Regression
Within each of the three irrigation regimes, FLSd was negatively correlated with grain yield. The correlation between FLSd and grain yield was more signifi cant with less irrigation-T1 (p < 0.001), T2 (p < 0.001 and p < 0.01), and T3 (p < 0.01 and p < 0.05)-for both seasons. Similarly, CID was positively and signifi cantly correlated with grain yield especially under the nonirrigated regime (T1). For CT, though, CTa and CTd were both negatively correlated with grain yield within each irrigation regime.
However, CTa had greater correlations with grain yield under the drought stressed regimes (T1 and T2), while CTd had greater correlations with grain yield under the irrigated regimes (T2 and T3) ( Table 4) .
All physiological traits evaluated across the three irrigation regimes, except FLSa in 2009, were all correlated with grain yield (r > 0.5, p < 0.001) (Tables 5 and 6 ). The correlations between grain yield and FLS were negative and signifi cant at grain fi lling (FLSb, FLSc, FLSd, and FLSe) for both seasons. Flag leaf senescence evaluated at Feekes 11.2 (kernels mealy hard) (Miller, 1999) was greatly associated with grain yield, with coeffi cients of -0.859 and -0.931 (p < 0.001) for 2009 and 2010, respectively. For FLSe, though, the genotype × irrigation treatment interaction was significant, which suggests that FLS at Feekes 11.3 (Miller, 1999) cannot be evaluated without the eff ect of water regimes. Results from each irrigation regime and over three regimes indicate that Feekes 11.2 would be the best and latest stage for assessing FLS in spring wheat genotypes.
Over the three irrigation regimes, positive correlations occurred between grain yield and fl ag leaf CID in 2009 (r = 0.869, p < 0.001) and in 2010 (r = 0.763, p < 0.001). There were negative correlations between grain yield and CT at both anthesis and grain fi lling stages, with coeffi cients of -0.837 and -0.926 (p < 0.001) for late grain fi lling (Feekes 11.2 [Miller, 1999] ) of 2009 and 2010, respectively (Tables 5 and 6 ). Results suggest that Feekes 11.2 (kernels mealy ripe) would be an optimal stage for CT measurement compared with the earlier stages of Feekes 10.5.2 (anthesis) and Feekes 11.1 (kernels milky ripe).
Plant height was correlated with grain yield and evaluated physiological traits, whereas correlations between days to heading and other traits were low. This suggests that under conditions of this study, the infl uence of plant height on grain yield and physiological traits should be considered; however, to some extent, the eff ects of days to heading on the target traits might be ignored.
Linear regressions of grain yield on FLSd, CID, and CTd across three irrigation regimes were all highly significant (p < 0.0001). Flag leaf senescence evaluated at Feekes 11.2 (kernels mealy ripe) explained 79 and 87%, CID explained 76 and 58%, and CTd explained 81 and 86% of the total phenotypic variation of grain yield in 2009 and 2010, respectively. The principal components analysis identifi ed that the three physiological traits together explained 91 and 92% of the total phenotypic variation of grain yield for 2009 and 2010, respectively (Table 7) .
DISCUSSION
Exposure of plants to drought led to a noticeable decrease in grain yield, acceleration of FLS, decrease in fl ag leaf CID, and increase in CT. The extent of drought eff ects on grain yield and the three target physiological traits were diff erent among the 30 genotypes over three irrigation regimes. Our results indicate that wheat genotypes respond to drought stress using various physiological processes. The physiological changes observed in our study could be the response of various defense mechanisms adapted by the plant.
Signifi cant correlations were observed between grain yield and all three physiological traits within each regime and over the three regimes. This infers that selection of late FLS, low CT, and high CID may benefi t high grain yield selection. For FLS and CT, the absolute correlation coeffi cients in later growth stages were always higher than those in early stages. Therefore, selection of the two physiological traits at later grain fi lling (Feekes 11.2 [Miller, 1999] ) would be more eff ective than at the earlier stages (Feekes 10.5.2 and Feekes 11.1). In addition, FLSd would be a more reliable predictor for grain yield under drought stress environments. Merah et al. (1999) indicated that CID was not a reliable predictor for barley yield under severe water stress. More recently, Xu et al. (2007) found that there was no correlation between grain yield and CID in leaves at anthesis under optimal irrigation in spring wheat. In the current study, positive and signifi cant correlation was found between fl ag leaf CID at grain fi lling and grain yield across diff erent water conditions, but the correlation was greater under the nonirrigated regime (T1) than other regimes, suggesting that CID would be a more reliable predictor for grain yield under severe drought stress.
Canopy temperature is a potential indicator of the capacity of the roots to supply water under high evaporative demand. In drought environments, genotypes with cooler CT at grain fi lling had higher grain yield. The current study confi rmed that cooler CT at grain fi lling is signifi cantly associated with higher grain yield across diff erent water conditions. Amiri Fahliani and Assad (2005) reported that CT of cultivars during anthesis, under nonstress conditions, could help discriminate between resistant and susceptible cultivars better than at other stages. However, our results show that CT of genotypes at both anthesis and grain fi lling could help predict yield, but CT evaluated at anthesis (CTa) would be more reliable for drought stressed conditions while CT evaluated at grain fi lling (CTd) would be more reliable for well-watered conditions.
Accurate fi eld evaluation of yield-related physiological traits is critical for understanding the genetic mechanism controlling grain yield. Our study suggests that the Feekes 11.2 (kernels mealy ripe) (Miller, 1999) stage of grain fi lling is the optimal time for FLS and CT measurements. In 2009 and 2010, the linear regressions of grain yield on FLSd, CID, and CTd were all highly signifi cant (p < 0.0001) and together explained 91 and 92% of the total phenotypic variation of grain yield, respectively, indicating that the three physiological traits can be used to predict yield performance across diff erent water environments.
These fi ndings can be used to identify likely high yielding and drought resistant advanced lines while discarding those that are clearly low yielding and drought susceptible and be applied to a controlled selection experiment. Although these physiological traits are considered useful tools for screening wheat genotypes, their combination with other methods may provide a more accurate assessment of yield performance and drought resistance.
In the two growing seasons, genotype IDO694 showed diff erent responses to drought stress for grain yield. In 2009, IDO694 produced relatively lower grain yield than other genotypes under all irrigation regimes, while in 2010, it produced relatively higher grain yield than other genotypes under all irrigation regimes.
Among the 30 wheat genotypes, HY genotypes IDO599, Alturas, and IDO702 produced consistent high grain yield across diff erent water conditions and appeared (Miller, 1999) , respectively. ‡ NS, nonsignifi cant at the 0.05 probability level. § NA, not available. (Miller, 1999) , respectively.
to be promising parents for wheat breeding programs. Drought-resistant genotypes Agawam, McNeal, and Alpowa produced greater grain yield under the nonirrigated regime and intermediate grain yield under the irrigated regimes indicating their adaptation to drought conditions. Later FLS, greater CID, or lower CT or combinations of these traits contributed to the high yield of these selected genotypes under corresponding water conditions. The results indicate that if water for irrigation is scarce, planting the HY and DR genotypes would greatly reduce the risk of signifi cant grain yield reduction. Drought-resistant genotypes are more stable in yield production over the range of drought stresses applied and would be useful as parents to combine their stability with the higher yield potential of HY genotypes. Drought-susceptible genotypes IDO686 and Lolo produced greater grain yield under the irrigated regimes but less grain yield under the nonirrigated regime in both years. The DS genotypes had higher DSI values concurrently, which would be only recommended for moist environments. Lowyield genotypes Choteau and Cataldo showed lower grain yield with a concurrent higher DSI across diff erent water conditions for both seasons and may not be preferable wheat genotypes. Our study put forward the concepts of yield performance classifi cation across diff erent water conditions, and proposed the possible application to the selection of wheat genotypes. Progeny of a cross between HY and DR genotypes would be expected to segregate signifi cantly in yield performance and drought resistance and provide great opportunity to obtain elite wheat genotypes. Therefore, the classifi cation of wheat genotypes with diff erent yield performance across water environments could be introduced in assessing procedures of wheat genotype improvement, particularly facilitating the breeding of wheat genotypes for drought resistance. Table 6 . Pearsons' correlation coeffi cients between grain yield (GY), days to heading (DTH), height (HT), fl ag leaf senescence (FLS), carbon isotope discrimination (CID), and canopy temperature (CT) evaluated at different growth stages in 30 genotypes across three irrigation regimes, T1 (nonirrigated), T2 (50% evapotranspiration [ET] irrigated), and T3 (100% ET irrigated), in 2010. ** Signifi cant at the 0.01 probability level.
*** Signifi cant at the 0.001 probability level. † a through e stand for traits assessed at Feekes 10.5.2 (anthesis), Feekes 10.5.4 (kernels watery ripe), Feekes 11.1 (kernels milky ripe), Feekes 11.2 (kernels mealy ripe), and Feekes 11.3 (kernels hard) (Miller, 1999) , respectively. ‡ NS, nonsignifi cant at the 0.05 probability level.
